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A: Multiple Choice (5 marks). Choose the best available answer for each of the following five questions 
(1 mark each). 

1. The two key contributors to the early design and implementation of the UNIX operating system were: 

(a) IBM and AT&T 

(b) IBM and Microsoft 

/isd AT&T and the University of California at Berkeley 
/ / <(db Dennis Ritchie and Ken Thompson 
—(e) Dennis Ritchie and Bill Gates 

(f) Brian Kemighan and Dennis Ritchie 

2. When programming in the Bourne shell, the conventional way to indicate ''normal" termination is with 
an exit status of: 

f; 

\ M - 1 

x —' (d) any positive integer larger than 1 

(e) $? 

(f) the process id (PID) of the executing process when it terminates 

(g) the PID of the shell (parent) process itself 

3. Upon which inode number in the inode list is the root (“/”) of the UNIX file system usually established? 
(a) irfodeO 

iY Inode 1 
, Mcp Inode 2 
—--'"(d) Inode 3 

(e) Inode 4 

(f) None of the above 

4. The maximum number of open file descriptors that a UNIX process can have at any one time (in a 
traditional UNIX system with default settings of kernel parameters) is: 

(a) 3 (standard input, standard output, and standard error) 

0 >) 4 

(c) /8 

(d) 10 

(e) 16 
" Jo 32 
/(SU>64 

v —(n) None of the above 

5. The return value from a successful forkQ system call is: 

(a) always 0 
{\>y always greater than 0 

/ (c) never less than 0 

(d) the PID number of the child process that was created 
fey different in the parent process than in the child process 
dependent upon the version of UNIX on which it is run 
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B: Short Answer (12 marks). Write a clear concise answer to each of the following questions (3 marks each). 

6. What is a "superblock”? Wbat information does it contain? What purpose does it serve? t 

rf/o a A a f <5 i-A To/ ^ u £- /sm fa flicA 4Oc»A i/\ P , ( 

ckbC/tl/e^ ifl c/cS'tff&J 

— fin* \ tf c/ i d&M, <5 

v ^vApX £ Y fa/tdcdl 
/ao^S 

- cUr* 

7. List three of the most important enhancements (i.e., improvements) that the "Fast File System" 
contributed to UNIX. 

/) l fa ffolk / 4 ^,/X ffifa k'Lo-^q ^MacLa^J 


- '-i 3 


- -V" 


i/ 1 - 


n f/rA. i^q j/l. 


(iii) 


8. What is the difference between the “data segment” and the “stack segment” of a UNIX process? 
Define each, and clarify their differences. Be as specific as possible. 


rf(\A\ X gj&VS'l (’■■a-f /S ci-t- 4 C J ^{fj. cjloC<A-l^ 

'4>i& c/t M 0 ilosk ofCA^-r-J 4o cJcjAewf K.ioa&f ofvtfMf. 
^/v^/a-wx tcx-e c vJ — 


—>/ • 

9. What is a "read-only” shell variable? What is such a variable usually used for? Give an example. 

(X ^\r'd/j //« / iPj cor- rtf/frut (u. /^,./ 

r/f (jafu Y s v/ 

£# iqftH fr&W’ i^ ! ,, . , , , 

gar h <*stf lJl >rarr * A * a ^' C / 2/0 ' 7 ' ■ ^ ■ h 

■fAj> <uf4 0r ^r ‘ 

G- ; • 

V / 





C: Processes (14 marks). Write a clear, concise answer for each of the following questions. 


10. The UNIX command “ps -aux” shows much more information than the "ps” command alone (i.e., "ps" 
without any command line options). List three examples of information that is available from the 
output of "ps -aux” that is not available with the output from just "ps”. Be specific. (4 marks) 

(o =» //-jA ajl /t/ocf'&p) /’>i /w’ rJ /p^ r Cc{ 




(hi) 1 



11. List any five of the typical attributes of a UNIX process. Describe each briefly in terms of what it is, 
and what role it plays in the execution, management, or control of the process. Be specific. (10 marks) 

(i) PSP) C ^* tA/l) ; cJ■'n Y'Jul- j ?/®€0 5 

_y a tA c . _. 9 ft CC** • '4i- *** S b S <?J 

(u > 

(iii) / yjf) > ifaU a f /c(^ fs aeC-4*3*> /Wtm >^/Wx S 


glAfQ iww -» a Cl 

U-t /see m 5 /rfc,' 6a c >eJno'! ^ /h 
P #-«i / 6fV4 / ACf t**^- 6/S-<?d /^/ <drvuJ 


(iv) 




(v) V c i 7 


/K 




'rt U« K ^ X wA, 1 '4s />/* 

Zvp? > 


O c-e 'i^ /C P*0A r- c j- 


u\ pfijp P f 

1 ) ' 7 f/jt pw4 ^>'ct £tW*« ™ CarP ' 


r 


G/eCS^ 



D: File System (14 marks). Write a clear concise answer to each of the following questions. 


12. An inode in the UNIX file system stores three different timestamp values. Define these timestamps, 

and state briefly what each of these timestamps represents. Be as precise as possible. (5 marks) ' , 

2 ' 


>uu juaii; uuwi 

0 


(0 

(») 


_ tiCfe $5 inA? . 1 l Jj f/h ojn.\: k*J 

(iii) iroclx <fta tcA~> cloA^y? Jjdj fa* ^ 
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The UNIX file system can run “out of space” in two distinctly different ways. Describe each of these 
two possibilities, and indicate how this might possibly occur inpractice. (4 marks) 

(i) q(/ wAf 1 t-e^afhra /W, ^ 

£ //-rf'A 7f^5 d2<f'ctA* S'** 

p/f /Cel Uf tp/rtf '’/ok5 ' >0 ik-fik. . 

'-fit, ik) pic* A /kc-ii /-fd /ppfO ! 


00 *//*U U"*' *'/ 

K iAA’k %(fit*** Afc* rtofit-jj 

~l(X fyf (*/ c{a 7q /A f./{ 5 ' A? (7-# 


14. 


Suppose (hat a directory /usr/ming/fun in the UNIX file system “contains” exactly three files, which 
are named “fool”, “foo2”, and “foo3”, respectively, to represent the order of their creation. Each is a 
regular file, and each file is distinct in terms of its size and contents. Now the owner of the directory 
performs the following UNIX command in this director/: “In fool foo4 ; /birv'rm foo3 ; cp foo4 foo5 ; 
mkdir cellar; mv foc^. cellar; Is -1”. Draw a diagram to illustrate the complete structure, order, and 
contents of the direcun> table for /usr/ming/fun. assuming the standard algorithms and i6-byte storage 
technique for directory entries as used in the original UNIX file systenf. (5 marks) 
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E: General (5 marks). 


15. The UNIX operating system and programming environment offers a rich mixture of tools and utilities 
for the systems programmer, some of which are available at the shell (i.e., command-line) level, some of 
which are available at the system library level, and some of which are available as (kernel) system calls. 
Clarify what is meant by each of these "levels" (i.e., command-line, library, and system call), giving an 
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